Adhesion of rat glomerular epithelial cells to extracellular matrices: Role of β1 integrins  by Cybulsky, Andrey V. et al.
Kidney International, Vol. 42 (/992), pp. 1099—1106
Adhesion of rat glomerular epithelial cells to extracellular
matrices: Role of /3 integrins
ANDREY V. CYBULSKY, SALVATORE CARBONETTO, QINGLI HUANG, ALIs0N J. MCTAVISH,
and MARIE-DANIELLE CYR
Depart,nenl of Medicine, Royal Victoria Hospital, and Centre for Research in Neuroscience, McGill University, Montreal General Hospital,
Montreal, Quebec, Canada
Adhesion of rat glomerular epithelial cells to extracellular matrices:
Role of , integrins. Glomerular epithelial cells (GEC) maintain glomer-
ular permselectivity and are a target of immunological glomerular
injury, which may lead to proliferation or detachment from extracellular
matrix (ECM). We studied adhesion mechanisms in rat GEC in culture,
focusing on adhesion molecules of the f3 integrin family. At early time
points (1 hr after plating of cells into culture wells that had been
pre-incubated with purified ECM proteins), adhesion of GEC to colla-
gen 1, collagen IV, laminin, and fibronectin was inhibited with anti-p1
integrin antibody. The peptide RGDS inhibited adhesion to fibronectin
and laminin. Immunoprecipitation studies demonstrated the presence of
a,, a3, and f3 integrins; the a1, a4, a5, a6, a, and p3 subunits were
undetectable. Adhesion to all ECM proteins was dependent on divalent
cations, but the effects of individual cations varied among substrata. In
rat GEC, a,131 and/or n31 integrins appear to mediate adhesion to
collagen I, collagen LV, and laminin. The a3/31 integrin is also the likely
receptor for fibronectin, interacting through an ROD binding site.
Furthermore, single integrins or combinations of integrins appear to
have distinct ligand-binding functions that are differentially regulated by
divalent cations. Characterization of GEC adhesion molecules may
facilitate the understanding of mechanisms of glomerular development,
and cell detachment or proliferation in immune glomerular injury.
Adhesion to extracellular matrices (ECM) may directly or
indirectly modulate proliferative responses to cells to polypep-
tide growth factors and maintain differentiated functions [I].
Cell adhesion to ECM components is mediated by cell surface
molecules of the integrin family, as well as by non-integrin
receptors [2, 3]. The integrins are heterodimers consisting of
noncovalently associated a and psubunits. Interactions of cells
with ECM are mediated primarily by the /3 integrin subfamily,
and also by some f3 and /34 integrins. The cytoplasmic domain
of the f3 integrin subunit interacts with proteins of the cytoskel-
eton, including talin, vinculin, or possibly other proteins [2, 3].
In recent years, several studies have proposed roles for inte-
grins in kidney and other organ development [4, 5], wound
healing, and tumor invasion [2, 3].
These potentially important functions of integrins have led to
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several studies of integrin localization by immunohistological
techniques in renal tissues. In human kidney sections, pand /33
integrins have been found in fetal and adult glomerular cells [6,
7]. Moreover, in the developing and mature nephron, the a1
subunit appeared to be predominantly in glomerular mesangial
and endothelial cells, the a, subunit in endothelial cells, and the
a3 subunit in glomerular epithelial cells (GEC) [4]. The a6
subunit was expressed transiently in GEC during development,
while the a4 and a5 subunits were not found in glomerular cells
[4]. Another study showed that a3 was the major integrin
subunit on all adult human glomerular cells, predominantly on
mesangial cells [8]. Smaller amounts of a1 and a5 were located
in adult glomeruli, primarily in a mesangial distribution, while
a2 was absent [8]. Furthermore, a1, a3, and a5 integrins were
found on human mesangial cells in culture [8].
GEC play an important role in the maintenance of normal
glomerular architecture and permselectivity. In the mature
kidney, there are two types of GEC, visceral and parietal, both
of which are of common embryological origin, and are in
contact with an ECM [9]. Injury to visceral GEC (such as in
membranous nephropathy) may manifest with cell detachment
from the glomerular basement membrane [10], and may lead to
abnormal glomerular permeability [10], and chronically to gb-
merular basement membrane thickening [11]. There appears to
be little turnover of GEC in normal kidneys, but proliferation of
parietal and possibly visceral GEC, as well as expansion of
surrounding ECM components, may occur as a result of gb-
merular injury, for example, in focal segmental sclerosis and
crescentic gbomerulonephritis [12, 13]. Our previous studies
have focused on the mechanisms of GEC injury and prolifera-
tion, using rat GEC in culture. We have demonstrated that
several signalling pathways are modulated by contact of these
cells with ECM [14]. Such observations suggest that character-
ization of GEC adhesion mechanisms may be useful in under-
standing processes of glomerular development and injury. In
the present study, we demonstrate that rat GEC express a2/31
and a3f31 integrins, and that adhesion to ECM is divalent
cation-dependent and can be inhibited by antibodies to the
integrin /3 subunit. To our knowledge, this is the first detailed
characterization of integrins in GEC.
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Methods
Materials
Tissue culture media were obtained from Gibco Laboratories
(Burlington, Ontario, Canada) or ICN Biomedical (Mississauga,
Ontario, Canada). Pepsin-solubilized bovine dermal collagen,
predominantly collagen type I (Vitrogen) was from Collagen
Corp. (Palo Alto, California, USA). NuSerum, collagen IV,
laminin, and fibronectin were purchased from Collaborative
Research (Bedford, Massachusetts, USA). Insulin, hormone
supplements, enzymes, and peptides, were obtained from
Sigma Chemical Co. (St. Louis, Missouri, USA). [methyl-
3H]thymidine (2 Ci/mmol) was purchased from New England
Nuclear (Mississauga, Ontario, Canada) and 1251 and Tran35S-
label were from ICN. Electrophoresis reagents were from
Biorad Laboratories (Mississauga, Ontario, Canada). Agarose-
coupled goat anti-rabbit and anti-mouse IgG were from Orga-
non Teknika Inc. (Scarborough, Ontario, Canada).
GEC culture
Primary cultures of GEC were established from explants of
rat glomeruli [14, 15]. Cells were maintained in KI medium
(Dulbecco's modified eagle medium, DMEM/Ham FlO, 1:1,
containing 5% NuSerum and hormone supplements), described
previously [14, 15]. Cells were used between passages 20 and
70. Characterization of GEC was published previously [15].
According to established criteria, the cells demonstrated poly-
gonal shape and cobblestone appearance at confluency, cyto-
toxic susceptibility to low doses of aminonucleoside of puro-
mycin, positive immunofluorescence staining for cytokeratin,
and presence of junctional complexes by electron microscopy.
Presently, it is not possible to determine specifically whether
GEC in culture originate from visceral or parietal epithelium,
Antibodies
A monoclonal antibody to rat a integrin was produced by
immunizing mice with PC12 cells (a rat neural cell line), as
described previously [16]. Rat integrin /31 subunit was purified
from neonatal rat tissues by agarose-coupled mouse anti-rat a1
antibody affinity chromatography and sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). Polyclonal
antiserum to rat /3 integrin was generated in rabbits, and was
characterized previously [17]. To prepare anti-p1 Fab frag-
ments, IgG fraction of antiserum was purified by ion-exchange
chromatography, and Fab fragments were produced by papain
digestion, and were separated from intact IgG by protein
A-agarose chromatography [18]. In preliminary studies, we
determined that Fab fragments of this antibody were more
effective in blocking adhesion than intact antibody IgG; anti-p1
Fab (0.5 to 0.9 mg/mI) blocked adhesion of PCI2 cells and rat
astrocytes to culture plates that had been preincubated with
collagen 1 (10 jig/mI for 18 hr). In blocking experiments with
GEC, anti-j31 Fab was used at a final concentration of 0.9
mg/mi. Increasing the concentration of anti-/31 Fab to 1.5 mg/mI
did not result in any further inhibition of adhesion. Nonimmune
rabbit IgG at equimolar concentrations (2.7 mg/mI) was used in
control incubations.
A second antibody to rat /31 integrin was a gift from Dr. C.
Buck, Wistar Institute, Philadelphia. This antiserum was pro-
duced in rabbits to a fibronectin receptor from the rat myoblast
cell line L6A. and was shown to react with the J3 subunit [19].
Rabbit antisera to the carboxy-terminal amino acids of a2 [20].
a3 [21], a5, a6, a [22], and /3 integrin subunits were gifts of Dr.
E. Ruoslahti, La Jolla Cancer Research Foundation (a2, a5, a6
and a), Dr. L.F. Reichardt, University of California San
Francisco (a3), and Dr. J.A. Madri, Yale University (/3).
Mouse monoclonal antibody to a4 [23] was a gift of Dr. T.
Issekutz, Dalhousie University.
Adhesion assays
Experiments were carried out in 18 mm or 7 mm culture wells
(24-well or 96-well plates). Culture wells were incubated over-
night at 4°C with ECM proteins, diluted in medium. To deter-
mine the amounts of ECM proteins that adhered to plastic wells
after overnight incubation, collagen I, laminin, and fibronectin
were labelled with 1251 using immobilized chloramine T (lodo-
beads, Pierce) according to the manufacturer's instructions, to
specific activities of 1100 to 2300 cpm/ng. Each '251-labelled
ECM protein was diluted with unlabelled protein to final
concentrations of 1 jiglml or 100 jig/mi, and 200 jil aiiquots were
placed into 18 mm wells overnight (4°C). After washing wells
with PBS, adherent ECM proteins were solubilized in 0.25 N
NaOH (45 mm, 37°C), and counted in a y-counter. ECM protein
adhesion to plastic wells constituted 12 2% of input (at both
I jig/mI and 100 jig/mi), and there were no significant differ-
ences between collagen I, laminin and fibronectin (4 experi-
ments performed in triplicate).
Prior to addition of cells, ECM coated and uncoated (plastic)
wells were washed three times with phosphate buffered saline
(PBS), and were then incubated with 2% BSA for three hours at
22°C. GEC were prelabelled with [3H}thymidine for 24 to 48
hours [14]. Radiolabelled GEC were then placed into suspen-
sion, as detailed previously [15] (the protocol included
trypsinization). Cells were equilibrated in medium (usually
DMEM) at 37°C. and were plated into culture wells at a density
of 12,000 to 20,000 cells/7 mm well or 60,000 to 120,000 cells/l8
mm well. After a one hour incubation at 37°C, unattached cells
were removed by washing three times with PBS. Attached cells
were lysed with 0.25 N NaOH, and the radioactivity was
counted in a /3-scintillation counter. Cell adhesion was calcu-
lated as the radioactivity of adherent cells compared to the
radioactivity of total input (expressed as a percent). Values
presented are specific GEC adhesion to ECM, which was
calculated by subtracting the non-specific adhesion, that is,
percent adhesion of cells to plastic (3.6 0.6% of input) from
the percent adhesion to ECM proteins.
Immunoprecipitation of integrins
GEC were labelled with Tran35S-label (80% [35Sjmethionine;
I mCi/mi of DMEM without methionine) for 18 hours. Alterna-
tively, GEC in suspension (0.5 ml) were surface-labelled with
1251 (1 mCi), 0.15 mg of lactoperoxidase, 400 units of glucose
oxidase, and 0.5 mg of dextrose (15 mm, 22°C). Radiolabelled
cell proteins were dissolved in PBS, containing 1% Triton
X-l00, 1 mti benzamidine, 1 mrvi phenylmethylsulfonyl fluoride,
and 1.5 jiM pepstatin. In one experiment, a membrane fraction
was prepared prior to solubilization of 35S-labelled proteins in
detergent-containing buffer by homogenizing GEC in buffer
containing 5 mri Tris, 0,25 M sucrose, and protease inhibitors,
pH 7.40, sedimenting unbroken cells and nuclei (centrifugation
Fig. 1. GEC adhesion to ECMproteins. Symbols are: (-•-) collagen I;
(—e—) collagen LV; (—B- laminin; (—- fibronectin. Tissue culture wells
were incubated overnight at 4°C with ECM proteins, diluted in medium,
and were then incubated with 2% BSA for 3 hr at 22°C. Radiolabelled
GEC that had been placed into suspension in DMEM([Ca241 = 1.8 mM,[Mg2] = 0.8 mM) were plated into culture wells. After I hr incubation
at 37°C, unattached cells were removed by washing, and radioactivity
of attached cells was determined after lysis with NaOH. Values are
means of 3 to 6 experiments, performed in duplicate or triplicate.
at 3,000 g for 5 mm), and then sedimenting membranes (cen-
trifugation at 15,000 g for 30 mm).
Proteins were incubated with anti-integrin subunit antibodies
for 18 hours at 4°C. Control immunoprecipitations with nonim-
mune sera were performed in parallel. Immune complexes were
incubated with agarose-coupled anti-rabbit or anti-mouse IgG (I
hr, 22°C). After washing, complexes were boiled in Laemmli
sample buffer, and electrophoresed on 5 to 15% gradient
polyacrylamide gels. Gels containing 35S immunoprecipitates
were soaked in scintillation fluid, dried, and autoradiography
was then carried out at 22°C. In 1251 immunoprecipitates, gels
were dried, and autoradiography was carried out at —80°C using
an enhancing screen and preflashed film. In one experiment, the
amount of radioactivity in 35S-labelled integrin subunits was
quantitated by densitometry (LKB Ultroscan XL Laser Densi-
tometer).
Statistics
Data are presented as mean SEM. The unpaired I-test was
used to determine significant differences between two groups. If
more than two groups were present, analysis of variance
(ANOVA) was used to establish significant differences among
groups.
Results
Adhesion of GEC to ECM
Tissue culture wells were preincubated with serial dilutions
of ECM proteins. There did not appear to be significant
differences between ECM proteins in their attachment to plastic
wells (Methods). In preliminary experiments, we determined
that adhesion of rat GEC to collagen I was time-dependent and
was nearly linear for at least two hours after plating of cells
(data not shown). Thus, the one hour time point was chosen for
subsequent adhesion experiments. The effects of ECM compo-
nents on GEC adhesion are shown in Figure 1. At protein
Adhesion of GEC to ECM is divalent cation-dependent
Since integrins are well-known to mediate cell attachment to
ECM in a divalent cation-dependent fashion [2], we examined
the dependence of adhesion on individual divalent cations (Fig.
2). GEC in suspension were equilibrated.in. buffers containing I
mM [EDTA], or I m free [Ca2i, [Mg2i or [Mn2J [that is, 1
mM (EDTA) + 2 ma'i (divalent cation)], and were then plated
onto collagen I, fibronectin, or laminin. There was almost no
adhesion of cells in EDTA (Fig. 2). For collagen, Mg2 was the
most effective cation, while Mn2 and Ca2 were both less
effective, and not significantly different from each other. In a
second series of experiments, GEC in suspension were equili-
brated in buffers containing 0.5 mrvi [Mg2], and [Ca2] from
<10 n to I m (established by various concentrations of
CaC12 and EGTA) [241, and were then plated onto collagen I
(Fig. 3). Low [Ca2] (200 n or less) reduced GEC adhesion to
collagen by --40%, as compared to concentrations of I LM or
greater. Thus, the presence of Ca2 augmented Mg24-depen-
dent adhesion at 0.5 mt [Mg2I (Fig. 3), but Ca2 had no
enhancing effect on Mg2-dependent adhesion at 1.0 mM
[Mg2J (Fig. 2). For fibronectin, adhesion was greatest in the
presence of Mn2, followed by Mg2 and then Ca2. Moreover,
there was no additional increase in adhesion in buffer containing
I m [Ca2 '1 + 1 mivi [Mg2], as compared to Mg2 alone (Fig.
2). Adhesion to laminin was distinct from collagen and fibronec-
tin, as significant adhesion occurred only with Mg2t Further-
more, the effect of Mg2 was inhibited by the inclusion of Ca2.
These results indicate that GEC adhesion to ECM is mediated
by divalent cation-dependent adhesion molecules, but the pat-
tern of divalent cation-dependency varies among substrata.
Inte grins mediate GEC adhesion to ECM
In view of the above results, we measured the effect of anti-f31
integrin antibodies on adhesion of GEC to ECM. When GEC
were plated in DMEM (which contains 1.8 m free [Ca2] and
0.8 m free [Mg2], adhesion to collagens I and IV was
inhibited by 45% and 66%, respectively, in the presence of
anti-f31 Fab (Fig. 4). A second anti-/31 antiserum (diluted 1:25 in
DMEM) also inhibited GEC adhesion to collagens I and IV,
although less effectively (collagen I: 15% inhibition as com-
pared to nonimmune serum, P < 0.01; collagen IV: 28%
inhibition, P < 0.02; N = 3 experiments performed in dupli-
cate). Anti-/31 antiserum also inhibited GEC adhesion to fi-
bronectin (by 80%) and laminin (by 88%; Fig. 4).
Interactions of certain integrins (such as a1, a6, a) with
ECM proteins can be inhibited with peptides containing the
a
0
U,
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12 concentrations of 0.1 g/ml or less, there was only minimal
adhesion to all substrata. Maximum adhesion to collagen 1(9.2
10 1.8% of input) and collagen IV (9.8 2.8% of input) occurred
8 at concentrations of I sg/ml or greater. Compared to collagens,
adhesion was lower (P < 0.025 ANOVA) at 1 g/ml of fibronec-
6 tin (2.2 0.5% of input; P <0.002) and laminin (3.9 1.9% of
input; P < 0.03). When the concentrations of laminin and
4 fibronectin were increased to 100 g/ml, GEC adhesion to these
substrata became comparable with collagens I and IV (Fig. I).
2 In further studies of adhesion modulation by divalent cations or
0 antibodies (see below), we employed concentrations of sub-
0001 001 0 1 1 1 100 strate that were just at, or below those required to achieve0 maximum adhesion of GEC at one hour.
Protein concentration, j.tg/mI
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Fig. 3. Effect of ext racellular [Ca2 ] on GEC adhesion to culture wells
preincubated with collagen I. GEC were incubated in buffers containing
physiological (1.0 mM) or reduced free [Ca2] (established by various
combinations of CaCl2 and EGTA), and 0.5 mi [Mg2]. The effect of
[Ca2] on adhesion was compared after a 1 hr incubation at 37°C.
Values are mean SEM of 4 experiments performed in duplicate.
GRGDTP (0.2 and 2.0 mg/mI), however, did not affect adhesion
_____ to collagen I, as compared to a control peptide GRGLSLSR
________________________________
(Fig. 5), or to medium without peptides.
Immunoprecipitation of integrins
To determine which integrin molecules are found in GEC,
untrypsinized cells were metabolically labelled with 35S or were
surface labelled with 1251 Proteins were immunoprecipitated
with antibodies to various a and /3 integrin subunits. Anti-f31
antibody immunoprecipitated major protein bands that mi-
grated at 165 and 130 kDa under reducing conditions, and at 150
and 115 kDa under nonreducing conditions (Fig. 6, lanes 2, 7,
and 10; Fig. 7, lanes 3 and 5). There were no significant
___________________________________________
differences between 35S- and '251-labelled immunoprecipitates.
However, the immunoprecipitated bands were sharper when
proteins were labelled with 35S. Also, in lanes showing anti-/31
immunoprecipitates (35S-label; Fig. 6) some faint bands mi-
grated below the 130/115 kDa band, but similar bands appeared
in the control lanes, and they are probably nonspecific. Anti-a2
________
immunoprecipitated a single major band of 165 kDa (reducing
conditions; Fig. 6, lane I). Anti-a3 immunoprecipitated a 130
kDa band under reducing conditions (Fig. 6, lane 5; Fig. 7, lane
2). Under nonreducing conditions, anti-a1 irnmunoprecipitated
Fig. 2. Effect of extracellular Ca2, Mg2 and Mn2 on GEC adhesion
to culture wells preincuba ted wi/h collagen 1 (1 ug/ml), fibronectin (10
pg/ml) or laminin (JO g/ml). GEC were equilibrated in buffers con-
15 taming I ms (EDTA], or I mm [EDTA] + 2 mM divalent cation]. The
effect of divalent cations on adhesion was determined after 1 hr
incubation at 37°C. Values are mean SEM of 3 to 6 experiments
performed in triplicate. Collagen and fibronectin: adhesion in the
presence of each divalent cation was significantly greater than EDTA (P
<0.01); laminin: only Mg2 was significantly greater than EDTA (P <
0.01). Significant differences were present among divalent cations,
collagen: P <0.03, flbronectin: P <0.01, laminin: P < 0.01 (ANOVA).
*p < 0.005 Mg2 vs. Ca2 and P = 0.06 Mg2 vs. Mn2; < 0.003
Mn2 vs. Mg2 and Mn2 vs. Ca2 ** < 0.025 Mg2 vs. Ca2 +
Mg2.
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amino acid sequence RGD [1, 2, 251. The peptide RGDS
significantly inhibited GEC adhesion to fibronectin at concen-
trations of 0.2 and 2.0 mg/mI, as compared to a control peptide
RGES (Fig. 5). RGDS also inhibited adhesion to laminin, but
only at 2.0 mg/ml (Fig. 5). Incubation of GEC with the peptide
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Fig. 4. Effect of anti-13, integrin on GEC
adhesion to culture we!!s preincubated with
collagen I (1 sg/ml), collagen IV (1 p.g/ml),
fibronectin (10 jig/ml) or laminin (10 pg/ml).
Collagens I and IV: GEC were incubated in
DMEM with anti-/31 integrin Fab (0.9 mg/mI)
or nonimmune IgG at an equimolar
concentration (2.7 mg/mI; Control) for I hr at
37°C. Fibronectin and laminin: GEC were
incubated in DMEM with anti-p1 integrin
antiserum (diluted 1:25) or nonimmune serum
(1:25; Control; 1 hr 37°C). Values are mean
SEM of 3 experiments performed in duplicate
or triplicate. Collagen I: P < 0.02, collagen
LV: P < 0.02, fibronectin: P < 0.01, laminin:
P < 0.04 anti-integrin vs. Control.
GRGDTP, 2.0 mg/mI
GRGDTP, 0.2mg/mi
RGDS, 2.0mg/mi
RGDS, 0.2mg/mi
RGDS, 2.0mg/mi
RGDS, 0.2mg/mi
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Fig. 5. Effect of RGD peptides on GEC
adhesion to culture wells preincuhated with
collagen 1 (1 sg/ml), fibronectin (10 pg/ml) or
laminin (10 g/ml). GEC were incubated in
DMEM with ROD or control peptides (see
text) for I hr at 37°C. Values represent
adhesion as % of control peptide, and are
mean SEM of 5 to 6 experiments performed
in triplicate. *D < 0.02, p < 0.05 RODS vs.
Control. In incubations with control peptides,
adhesion of GEC to ECM proteins (% input)
was similar to the values presented in Fig. I.
a band of 115 kDa (Fig. 6, lane 10; Fig. 7, lane 6). However, in
the '251-labelled immunoprecipitates (Fig. 7, lane 6) an addi-
tional band was probably present just above the 115 kDa band,
but it appeared indistinct because of the much greater radioac-
tivity content of the lower band. No specific protein bands were
detected in immunoprecipitations with anti-a1, anti-a4, anti-a5,
anti-a6, anti-au (data not shown), or anti-/33 antibodies (Fig. 6,
lane 6) in GEC, although these antibodies immunoprecipitated
a1/31 integrin in PC12 cells [16], a4/31 integrin in rat spleen cells
[23], a/31 and a6/31 integrins in rat astrocytes (Tawil N, Wilson
P, Carbonetto S, manuscript in preparation), a.j31 in a variety
of human cell lines [22], and /33 integrin in rat mesangial cells
(Madri JA, personal communication). In addition, there were
no differences in the integrin profile (reducing conditions)
between anti-/31 immunoprecipitations of 35S-labelled proteins
solubilized from whole cells (Fig. 6) and proteins solubilized
from membrane fractions (Methods; results not shown).
Since GEC were trypsinized prior to the adhesion assays in
Figures 1 to 5, we also compared the integrin profile between
untrypsinized and trypsinized GEC labelled with 35S. Following
immunoprecipitation of membrane fractions with anti-J31 anti-
body, we found that in addition to the 165 and 130 kDa bands
observed in untrypsinized GEC (as in Fig. 6, lanes 2 and 7), a
third band of 90 kDa appeared in trypsinized GEC, presumably
representing a degradation product. Densitometry demon-
strated that in untrypsinized GEC, 86% of 35S radioactivity was
Collagen I
Collagen IV
Fibronectin
Laminin
-,,
1104 Gybulsky ci a!: Adhesion of gloinerular epithelial cells
Fig. 6. Iminunoprecipitation of S-labelled GEC with integrin subunit-specific antibodies. Proteins were incubated with antisera (or nonimmune
control sera), and agarose-coupled anti-rabbit IgO. Immune complexes were analyzed by SDS-PAGE under reducing (Red) and nonreducing
(Non-red) conditions, and autoradiography (Methods), Anti-/31 immunoprecipitated proteins of 165 and 130 kDa (reduced; lanes 2 and 7), and ISO
and 115 kDa (nonreduced; lane 10). Anti-a2 immunoprecipitated a protein of 165 kDa (reduced; lane I). Anti-a3 immunoprecipitated a protein of
130 kDa (reduced; lane 5), and 115 kDa (nonreduced; lane 9). No specific bands were immunoprecipitated with anti-p3 (lane 6). Lanes 3, 4, and
8 are nonimmune sera (control). The positions of the f3 and a2 subunits are indicated.
Fig. 7. I,nrnunoprecipitation of '251-surface-
labelled GEC with anti-p, (lanes 3 and 5), and
anti-a3 (lanes 2 and 6) integrin subunit-
specific antibodies. Lanes 1 and 4 are
nonimmune sera. See legend to Fig. 6.
contained in the 130 kDa band and 14% in the 165 kDa band. In
trypsinized cells, 40% of the radioactivity appeared in the 130
kDa band, 7% at 165 kDa, and 53% in the 90 kDa degradation
product. These results suggest that trypsinization degraded
approximately half of the integrin molecules on the cell surface.
Discussion
We have shown that at early time points (1 hr after plating),
rat GEC adhered to ECM components in a divalent cation-
dependent fashion, and that adhesion was significantly inhibited
in the presence of anti-1 integrin antibodies. Since the extra-
cellular domains of integrin molecules contain divalent cation
binding regions [2, 3], together, these results indicate that 1
integrins are primarily responsible for GEC adhesion. Incom-
plete inhibition of adhesion by anti-1 to some of the substrata
suggests that either anti-1 could not effectively block all
integrin binding sites, and/or that other adhesion molecules
might also be involved. Adhesion molecules, including inte-
grins, recognize specific amino acid sequences in ECM pro-
teins, among which are the sequences RGDS and RGDTP [2, 3,
25], and certain ROD-containing peptides can compete for
binding sites on adhesion molecules. We found that the peptide
RGDS reduced GEC adhesion to fibronectin and laminin.
Binding of integrins to laminin is generally ROD-independent
[2], but ROD-dependent binding has also been reported in cells
other than GEC [26]. The peptide GRGDTP did not, however,
inhibit GEC adhesion to collagen. This result is consistent with
some but not all previous studies [2, 25].
To characterize the integrins found in cultured rat GEC, we
immunoprecipitated radiolabelled GEC proteins with integrin
subunit-specific antibodies. Anti-131 immunoprecipitated pro-
teins which migrated with M of 165 and 130 kDa under reducing
conditions, and 150 and 115 kDa when nonreduced. The 135/115
kDa band is likely the /3 subunit [27]. The 165 kDa band
(reduced) was immunoprecipitated with anti-a2 antiserum and,
thus, represents a2 integrin [27]. Under nonreducing conditions
Red
a2
Red Non-red
t1 -116
4 5 6 7
*
8 9 10
- 67
kDa
- 205
1 2 3
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a2 is known to migrate at 150 kDa [27]. Immunoprecipitation of
integrin subunits with anti-a, appeared to be non-stoichiomet-
nc, as this antiserum did not co-immunoprecipitate the 13
subunit. Possibly, the turnover of the a, subunit was greater
than that of f3 and metabolic radiolabelling of a, was enhanced
compared to /3, [281. Alternatively, some antisera seem to
immunoprecipitate one subunit preferentially, possibly because
the antiserum itself perturbs the heterodimeric complex. How-
ever, the immunoprecipitation of both subunits by anti-f3,
implies that at least a portion of these subunits existed as an
a,/31 heterodimer. Anti-a3 antiserum immunoprecipitated a 130
kDa band under reducing conditions, and a 115 kDa band under
nonreducing conditions, which comigrated with the /3 subunit.
The a3 subunit, whose mobility is retarded relative to /3 only
when nonreduced [271, was not observed in 35S immunoprecip-
itates, although it may migrate just above the f3 subunit in the
immunoprecipitates labelled with 1251. These data are consis-
tent with previous results of anti-a3 immunoprecipitations,
which demonstrated that a3 labels poorly with 35S [211 and 1251
[29], and that nonreduced rat a3 migrates close to /3, [29]. The
presence of a3f31 integrin in cultured rat GEC is in keeping with
the findings of a recent preliminary report [30]. and with the
immunohistological localization of this integrin in human GEC
in adult and fetal glomerular sections [4, 8]. Anti-a2 integrin
antibody weakly stained glomerular epithelial cells in vivo [4],
but according to the authors of this study, this technique is not
sensitive enough to exclude the presence of a2/31 on other
glomerular cells, such as GEC. Our study suggests that a2 /3,
may also be found in GEC in vivo, although there may be
species differences in a,f3, expression between rat and human
GEC.
Among the integrins described so far, a,/31, a2/31 and a3 13 are
candidates for collagen receptors in GEC [2, 3]. These inte-
grins, as well as a6/3,, also bind to laminin. Thus, in rat GEC,
the integrin collagen and laminin receptors may include a2f3
and a3/31. With regard tocollagen, we were unable to determine
whether one of the two integrins is functionally more important.
In human cells, Mg2 facilitates both a,f3,- and a3f3,-mediated
adhesion to collagen [31, 32], and both integrins can bind
collagen in an RDG-independent fashion [2, 321. However, the
a3/3, integrin purified from a rat cell line exhibited very little
binding to collagen, but more binding to laminin [291. Thus,
a2/3, may be the dominant collagen receptor in the rat. Further
characterization of the a subunits involved in adhesion of GEC
to collagen will require development of rat subunit-specific
antibodies that are functionally inhibitory. Interestingly, in
GEC, the divalent cation-dependence for adhesion to laminin
differed from that of collagen. There is little precedent for single
integrins having distinct ligand-binding functions that are differ-
entially regulated by divalent cations, although such a finding
has recently been reported for a3/31 in a human small cell lung
carcinoma line, NCI-H69 [32j (see below). Thus, it appears that
expression of ECM receptors may not be sufficient to facilitate
binding of ECM proteins, but additional regulation by divalent
cations, and perhaps by other plasma membrane or cytoskeletal
components, may be necessary. It should also be noted that
adhesion of GEC to laminin was optimal at supraphysiological
[Mg2] in the absence of Ca2; consequently, adhesion may
down-regulated at physiological levels of Ca2 and Mg2.
The major receptor for fibronectin is believed to be the aç/31
integrin, but a1/31, a4f3,, af31, and /33 integrins can also bind to
this ECM component [32]. In rat GEC, a3f3 is likely to be the
receptor for fibronectin, although the interaction of a3/3, with
fibronectin is relatively weak both in human and rat cells [29,
32]. Unlike collagen and laminin, adhesion of GEC to fibronec-
tin was best supported by Mn2, followed by Mg2 and Ca2.
This pattern of divalent cation-dependence is in keeping with
NCI-H69 cells that express the a3/31 integrin, and no a5/31 or
a/31 [321. In NCI-H69 cells, however, adhesion to fibronectin
was greater than to collagen in the presence of Mn2 or Mg2
(but not Ca2), whereas in GEC, adhesion to collagen was
higher with every divalent cation. As stated above, besides the
presence of a3f31, other membrane or cytoskeletal factors might
be present in NCI-H69 cells but absent in GEC, such that
fibronectin binding in rat GEC is relatively poor. Alternatively,
the greater adhesion of GEC to collagen might be due to the
presence of two collagen-binding integrins, but only one Ii-
bronectin receptor. Also, in GEC, binding of a3/3, to fibronectin
was inhibited with RGD peptide, consistent with results in
NCI-H69 cells [32].
In recent years, several studies have demonstrated changes
in the expression of integrin subunits during renal development
[4, 5]. For example, a6 was found to be expressed transiently in
GEC during glomerulogenesis [4]. Integrins may also play a
significant role in the maintenance of normal architecture of the
glomerular capillary wall. An earlier study found no substantial
differences in the distribution of the /3, subunit between normal
and nephritic human kidneys [61. However, a recent study
reported that the a6/31 integrin laminin receptor was not found
in normal glomeruli, but its expression became enhanced in
glomeruli from patients with lupus nephritis and IgA nephrop-
athy [33]. a6 /3, appeared to be localized to podocytes. Thus, the
authors suggested that laminin receptors may be involved in the
pathogenesis of certain renal diseases. Alternatively, since a6
may be expressed transiently in GEC during glomerulogenesis
[4], it ispossible that the appearance of a6 in nephritic glomeruli
represents dedifferentiation of the GEC phenotype. Another
recent study reported that anti-FxIA, the nephritogenic anti-
body of rat membranous nephropathy (passive Heymann ne-
phnitis) recognizes an a3 f3 integrin in cultured rat GEC, and
inhibits cell adhesion [30]. Administration of anti-Fx1A F(ab'),
and Fab' to rats has been shown to rapidly induce complement-
and neutrophil-independent proteinuria [34]. It is, therefore.
possible that in this model of membranous nephropathy, anti-
FxIA F(ab')2 or Fab' may be interacting with GEC integrins,
leading to detachment of cells from the glomerular basement
membrane and impairing permselectivity. Similar to anti-FxIA,
the nephritogenic antibody of nephrotoxic serum nephritis has
been reported to identify a /3, integrin in cultured rat GEC [35].
These results suggest that proteinuria in complement- and
neutrophil-independent forms of nephrotoxic serum nephritis
might be due to anti-integnin antibody-mediated GEC detach-
ment. Thus, it is likely that disorders in the assembly of
integrins, interaction of integrins with abnormal ECM compo-
nents, or interactions of nephritogenic antibodies with integrin
subunits may underly the pathogenesis of GEC detachment or
injury in some glomerular diseases. In a previous study, we
demonstrated that adhesion of rat GEC to collagen resulted in
activation of phospholipase C, and that products of phospholi-
pase C down-regulated the proliferative effects ofepithelial cell
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growth factors [14]. Recently, we observed that phospholipase
C activation by collagen matrix was divalent cation-dependent,
and could be partially inhibited with anti-/31 integrin antibody
[36]. These findings provide further support for the emerging
view that interaction of ECM with integrins may not only result
in cell adhesion to ECM, but under appropriate conditions may
lead to the activation of biochemical signalling pathways, such
as Na/H exchange, phospholipid hydrolysis, and protein
tyrosine phosphorylation [reviewed in 37].
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